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1. Post-Higgs Era
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1. Post-Higgs Era

Post-Higgs Era: Precision Measurements and New Physics

2023/10/14

Exotic : BSM
Higgs Mass . : :
Decays Higgs signal Higgs Width sr;:ttl:ﬁl:s

Self % strengths N & Electric
coupling n Y. g, * it % . Dipole
measurements 4k NP NN e VN ; ] Moments

Multi-Higgs
resonances i S

o ¥ Differential
Cross Sections

Origin of Flavor?
Baryogenesis

Higgs Portal LE ¥ Ay X Origin of EWSB?
to Hidden Sectors? -
Thermal History of

Uni Stability of Universe
bikiabes Naturalness

2209.07510, Dawson et al.
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1. Post-

Higgs Era

NormaL UM
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1. Post-Higgs Era

NormaL UM
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New Resonance?
B anomalies?
Muon g-2?

CDF-Il W mass?



1. Post-Higgs Era

NormaL UM

“Ligﬁt ﬂ-[iggs boson? ”

0306033 1811.08459, Sirunyan CMS PAS HIG-21-001
2 ] 6CMS 19.7 o™ (8 TeV) +35.9 fb™ (13 TeV) ,CMS Preliminary 138 (13 Tev)
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1. Post-Higgs Era

NormaL UM

“A new resonance? ”

CMS-PAS-HIG-21-011

138 fb (13 TeV)

CMS Preliminary
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1. Post-Higgs Era

YormaL UN

“A new resonance? ”

LFV SM (H;,5) or SM-like Exotic X2ep (110 GeV<m,<160 GeV)
CMS-PAS-HIG-22-002

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-002/index.html

— CMSPreliminary 38107 (13 TeV) ,CMS Preliminary 138 15 (13 TeV)
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135148), more data needed to conclude!

S. Gascon-\SA]l(/)wNvtkin Rencontres de Moriond EW 2023, La m IT Mar 232023

2023/10/14 BES-IIl NP @ Wuhan U. 7

13



1. Post-Higgs Era

“Muon 3-2.7 ”

10t of August, 2023

https://muon-g-2.fnal.gov/

2023/10/14
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5.00 >

+—e—
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
< 5.10 >
& +—eo—
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(2020)
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New results in tension L 3
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@
SM: e+e- HVP
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1. Post-Higgs Era

«“ Overweigﬁt W mass ? ”

Science, 2022, CDF-II
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0509008
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CERN Acce

E
NS
W hoson turns 40
Forty years ago today, physicists at CERN announced to the world that they had
discovered the electrically charged carrier of the weak force, one of nature’s four

fundamental forces

25 JANUARY,2023 | ByAna Lopes

’blue-band’ plots
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2. EW Precision Fits and NP Hints ... v m

2
2204.03996, Athron, Fowlie, Lu, Wu, Wu, Zhu N

Shots to p t r show Visualizi g ky lp Silk-wrapped food wins
early pro 6 yt okine ing pp.139&163 Bl & Science Prize p.146

I/ I/

HE\I-\VYWEIGHT

W boson mass measures higher than expected p

2023/10/14

Three important questions:

Internal Consistency of the SM ?
New Physics Scale ?

Possible New Physics Models ?

BES-IIl NP @ Wuhan U. 10



2. EW Precision Fits and NP Hints

NormaL UM

Internal Consistency of the SM : iy |
positively with m, and M,

T 1 | | T T T . M., correlates
. S mmm PDG 2021 —5:80 W

‘ FZA CDF 2022 —9:91
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2. EW Precision Fits and NP Hints

2
Obliqgue Parameters: 2 _(agsmy2 |1 @S 2 ol ol
) (M) = (M5 |1 2 —s2) & —s2,  4s

ol = wa(O)/M%/—sz(O)/M%
ol = 4shy [Myy(0) — &1y, (0) - 2swewTly (0) — 5311, (0)]

PRD 46 (1992) 381-409, Peskin and Takeuchi

raaOpn 2Ot oS = dsfycy [Mz(0) — (6 — i)/ (swew) - Tz, (0) — TL,, (0)]
Z W\O‘VW Z W W\O\/\l\« W

1): 'The el Uy . . . .
v (1): 'L'he electroweak gauge group must be SUL(2) X Uy(l), with no new electroweal > Exception-1: NP is comparatlvely |Ight.

rauge bosons apart from the photon, the W* and the Z.

v (2): The couplings of the new physics to light fermions are suppressed compared to it » Exception-2: NP is comparatively large, but the low-
ouplings to the gauge bosons. energy measurements become sufficiently accurate.

v (3); The intrinsic scale. M. of the new phvsics is large in comparison with M., and M,

9306267, Maksymyk, Burgess, London
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2. EW Precision Fits and NP Hints

S, Tand U:
o 2204.03796, Lu, Wu, Wu, Zhu
U=0 PDG 2021 . CDF 2022 . Fixec'l o T T T T -
Result Correlation Result Correlation 04F
14 dof anin = 15.48| S T anin =17.82| S T <P
g 0.05+0.08(1.00 0.92] 0.15+0.08/1.00 0.93 03k S i
T 0.09 +0.07 1.00f 0.27 £0.06 1.00
favor positive 02k 1
&~
PDG 2021 CDF 2022 il ]
13dof| Result Correlation Result Correlation '
n=1542| 8§ T U |x3,=1544| S T U
S 0.06 £0.10{1.00 0.90 —0.57| 0.06 +£0.10/1.00 0.90 —0.59 0.0F =
T 0.114+0.12 1.00 —0.82| 0.11+0.12 1.00 —0.85
U —0.02£0.09 1.00{ 0.14 4+0.09 1.00 —0.1 1 1 I N 1
due to W width in fits Lt R8s
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2. EW Precision Fits and NP Hints

New Physics scale:

H'D,H|'/A>  H'W"B,,H/A’

! !

T parameter S parameter

pert. couplings

O(0.1) 1 > N~ 10TeV

2023/10/14 BES-IIl NP @ Wuhan U.

(H'W* H) (H'W,, H) /A*

!

U parameter

pert. couplings

O(0.1) | > A~ 0.1TeV
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2. EW Precision Fits and NP Hints

Possible NP models:

How to make T larger: ol = p

NP @ tree-level
~ (4 1) = ()] vf

p (higher Higgs representations: Triplet etc)
2 Zz(I'LS )2%‘2
2
p= ¥
cwMz 9
=1 NP @ loop-level
3g2 ml—-m: 11 M?
(tree level) - p=1+4 ° & 2 i log . + -+ +( new particles: 2HDM etc)

64r2 MZ  192m2° ° M2

2023/10/14 BES-IIl NP @ Wuhan U. 15



2. EW Precision Fits and NP Hints

How to make S and U larger:

PRD 49 (1994) 1409-1416, Lavoura and Li  €.g. multiplet scalars

] U :
= .
K N T eemm e <
° I R R o i o
IR E— :
- ’ -
: S )
1
1
!
-1 4 —1 1
1 1
1
=2 + } } } 4 2 + ' 4 } i
o 100 200 300 400 500 o 100 200 300 400 500
a2 (GeV) 82 (GeV)

2023/10/14 BES-IIl NP @ Wuhan U.

parameters

high isospin, light states

2 T
-— /
-— 7
/
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7
Y
1 4
o+
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-2 - =t + —— i
o 100 200 300 400 500
np(GeV)



3 ° I n e rt 2 H D IVI 2204.03693, Fan, Tang, Sming, Wu

i2HDM:

Discrete Z, symmetry (H, > H; and H, &> -H,)

Gt HT
Hl:(%(whﬂ'(;o))’ HZ:(%(S-I—'L'A))

s
Vo= @lH2 4+ Hl* + Bl Haf 4 Dol Mol + Mgl Hu P Hal? + Ml HIHo + 5 {(HIL"’z)2 + h-C-}
PRD 18 (1978) 2574, Deshpande, Ma
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3. Inert 2HDM

Oblique Parameter B OB T O
S el

“Spectrum”

A/H*/-

~ . : 5 (mi —mi)(mi — m3) \ /
= 32% / 2n) k (k2 — m?2)2(k? — m?})(k? — m3)
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3. Inert 2HDM

Relic Density of DM

e annihilation through Higgs into fermions

S
SM

»"<
/ =

S 7

depends on gpmp coupling; dominant channel for Mpy < My, /2

e annihilation into gauge bosons (also into virtual states)

S
> \\ v S N 4 > \\ \% \\ v
M N
>_hi Y V* Y V*
// - / S 7 S -
S S - vV and

crucial for heavy masses; non-negligible for My /2 < Mpm < Mw

S .
\\ Z* \\ W:i:* X
A ’/ f/ H+ ,/ f/

very important when particles have similar masses

e coannihilation

2023/10/14 BES-IIl NP @ Wuhan U. 19



3. Inert 2HDM

Direct Detection

Higgs invisible decay

2023/10/14

DM, DM
N\ /
\ v £ DM-scattering on nucleus through the Higgs exchange
| h.‘sl\l
| 2 2
opM-N X gpyn/(Ma, + M)
N/\N
ODM-N
,DM Higgs invisible decays for Mpr < Mp, /2
h.ﬁ‘.l[_ _ _< 4
(DM C(h s H H.) < S, 1 yen
(h — H1H,) = 321 M), B M2
e
BES-IIl NP @ Wuhan U. 20



3. Inert 2HDM

LHC signatures: fﬁif [,ﬁff
Aﬁ\s* o /—iT/ h/*
bt‘

2
x- x= R
2 leptons+missing E; >\/\iﬂ,’ >\/\\,>I\/~// S~
N N S
\ ~ N\
q 4
) S
7

Ve

mono-jet

multi-jet+missing E;

~ |
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3. Inert 2HDM

zZpP N—— 2>

T[T =
:E T :
NNU

10°

myg+ (GeV)

—_
S
DO

2023/10/14

95% C.L. region

T parameter

PDG (2020)
S — WW*

Higgs resonance

S A co-annihilation -

102

10

mg (GGV)

ma (GGV)

BES-IIl NP @ Wuhan U.

10°r

95% C.L. region

.
3
3
- |
3 |
3
3
b
3
&
o " 4
3

SA Coannihilation

*  PDG (2020)
e SS-WW*
*  Higgs resonance

S A co-annihilation -

102

mg

103

(GeV)
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3. Inert 2HDM

NORmMAL UN

Direct Detection LHC Indirect Detection
=4y o e 9.0 '\\"I"". A1 B B B L B L LR R BN
A . \ ] X . !
. 95% C.L. region | 88 \ ] _ 95% C.L. region .
. ] \ : e
/ . i e "
g o el ] 8.6 /! o =
PR B O // : F -_--:_:_:_:_7:_-
8.4 4 - dig 125 EEENIEE
N ] E ot
& 8.2 - < |
5 : T |
< 8.0 ' = | PDG (2020)
- &0 SA co-annihilation
7.8 - 2-2Tr S8 = W 1
76 h [ *  Higgs resonance |
' ] i — A Albert et al. (2016) T
74 ) === HL-LHC (500 ') i --= WW* (AMS-025)
| === HLLHC (750 ™) ] - -~ WW* (GCE) -
7% MEETE R EE _2 PRI S T U ST N U N T N U NN NN U SR A R
) 60 65 70 75 80 0 95 60 65 70 75 80
mg (GeV mg (GeV

It is very predictive, and can be tested soon!
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4. Summary

NORmMAL UN

Origin of EWSB?

Thermal History of
Universe

Fundamental
or Composite?

Is it unique?

Origin of Flavor?

2023/10/14

Higgs Portal
to Hidden Sectors?

Stability of Universe

CPV and
Baryogenesis

Origin of masses?

BES-IIl NP @ Wuhan U.

Thank you!
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